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i MEMORANDUM |
? SUBJECT: Carcinogenicity Peer Reviev of MANCOZEBf )
: ,
e e B T e T

Health Effects Division"(H7509C)

and . 3
Esther Rinde, Ph.p. 3.RmAL

Manager, Carcinogenicity Peer Review Committee
Science Analysis and Coordination Branch

Health Effects Division (H7509C) ‘
:
TO: Susan Lewis, PM 21

Registration Division (H7505c¢)
and

Walter Waldrop
Special Review and Reregistration Division (H7508W)

The Health Effects Division Carcinogenicity Peer Review Committee
met on 6/3/92 to discuss and evaluate the weight-of-the-evidence
on mancozeb with particular reference to its carcinogenic
potential.

The Peer Review Committee agreed that mancozeb should be
classified as Group B2~ probable human carcinogen with inadequate
avidence in humans.

A. Individuals in Attendance:

1. Review Commjttee: (Signatures indicate
concurrence with the peer 'ev‘ew unless otherwise
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indicate concurrence with the overall conclusions of
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B. Material Reviewed:

b
The material available Ior review consistsd of DER's, onerliners,
and other data summaries preparesd by Irving Mauer; tables and
statistical analysis by 3ernice Fisher. The material reviewed is
atzached to the £ile copy of this report. The data rsviewed arse
based on studies submitzzd to ths Agency by Du Pont and Rchm and
Haas.

c. Background Information: ;
Mancozeb (chemically, manganese athyiene bigdithiocarbamate
[EBDC] complex with zinc salt) is a broad-spectrum fungicide
registered for use to prsvent damage to rac, as well as to
protect harvested produczs from deterioration. It (as well as
its EBDC congeners) is uzstable :n the presence of moistu~a and
oxygen, as well as in bislcgical systems, degrading principally
to 2thylenethiourea (ETTU), a preduction contaminant and ;
metabolite common to all E2BDCs. EBDC residues {including
marcozeb) also convert rzadily ts ETU during cormercial -
prccessing or (home) cocking of zreated rac or food.
In 1977, the Agency iniziated a Special Review (formerly r=ferred
t0 as Rebuttable Presumpzion Aga:nst Registration [RPAR]) of this
class of fungicides, bassd upon zhe presumption that the E3DCg,
anc their common metabolite, ETU, pose several risks to human
neaith and/cr the envircrment, szecifically: Oncogenicity,
t=2ratcgenicity and acute zoxicity to aquatic organismg. This
list of concerns was expanded to include tayroid toxicity,
mucagenicity and skin sezsitizacion. In 1382, this review was
zocrcluded in a Decigion Zccument reporting the followiag Acency's
Zonclusions: i
~. The potential risk zF acute TOoxicity 0 aquatic organisms
resulting f£rom use 2f mancczsb on tommercially grown wild
rice would e miticgaced thrzugh curreat cultivating
practices, and the zddition 5f a scatsment rto the lakel
warning users of a zazard =z Sish.
2. fctential risk of zaratcgen:z:
ccmmercial and agrizultural ic
rzduced by rsquirizz protecziv

7 and zhyroid toxizizy s
liczcers weuld be adegrac=s_v

- i
- vy s
[SPODNDAS S

i

E Zctential disrary axscsurs TEsnlzing Zrcm consumericn I
acme-grown produce suld e :_guc:id oy nignlightin
Jrenarv/est lntervals In lacsls Lfi zcncommercial greducss
i38d Zy acme jardensrs

< “ha Lssues I wnetisr manccorso ani sc-mer ZBDCs or EZTY zcose 3
sctznzzal rise cf tnzggenicizy, Tucagenicizy, )
t2ratcgenicity, and tzyrsid :Ffactg =2 man Aere supiecc -2
TAny inCertalntles.  Avallacla Hdarz oo sncsgenicity and

wad
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mutagenicity were not adequate to resolve key scientific
issues such as their mechanism of action, and consequently
additional data on the EBUCs as well as ETU were nseded for
tn2 Agency to determine their mutagenic potential and to
assess human exposure and oncogenic risk. Some daca would
be required at the termination of the special review while
further data needs, with particular emphasis on chronic
studies, dietary residues and exposure, would be identified
during a later reregistration review. Data determined to be
needed at that time (1982) were: i
a. Metabolism studies designed to define the in wivo
conversion of mancozeb and other EBDCs to ETU as well
as other derivatives.

b. Dermal absorption studies designed to demonstrate the
dermal penetrat:ion -.£ mancozeb (as well as cther
EBDCs), and of =TU. !

c. A battery of mutagenicity studies on each of she six
registerxed EBDCs.

4. Mammalian cell transformation assays on each
EBDCs, and on ETU.

{1

h the issuance of the 1982 Decision Document, the Agency

ncluded the special review and returned the EBDCs to zhe

gistration process, on the condition that registrants comply
h zhe label changes and data requirements specified zherein.

T N0

[T S AL

ot

Since issuance of the Decision Document, the Agency zas
issued four data call-in (DCI) notices for mancczeb, as Zcllows:

bl Jan 17 , which required the submission of zhe
metabolism, dermal penetration and mutagenicity daza
identified in the 1582 Decision Document.

[
E
La
-

1384, which advised registrants_cf the Acszcy's
concern about zhe existence of pesticides in grouni water
and the designation cf a aumber of chemicals, including
rancozed, which may zave t2e potential =g ,cocntaminzcts ground
wat2r. These chemicals were ldentified zased uporn such
factors as chemical structure, solubilicy, and use zatzernsg.
nis notice ra2quirsed submission cf certain =2nvircnzental

arz2 and prcduct chsnistry Zdata.

]
) i

ina g

Lad
¥

2crober 3., 1334 notice required diecary sxposurs,
duct chemistry and zoxicclogical {(subchronic fzeding a

m~nalaction;) <aca, ccnsidersd necessary -o reassess the
igrraticn status f mancozeb.

o
Qo

rolo
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4. Finally, the April 30, 1985 notice required additional data,
not identified in the October 19, 1984 DCI, but considered
necessary for risk reassessment of these chemicals,! namely,
additional toxicological (suhchrcnlc feeding and inhalation)
and residue data for ETU, in addition to the above on
mancozeb. !

The data required by these call-in notices have since been
received and considered by the Agency in its evaluation of
mancozeb, as presented in the assessment section of the mancozeb
Registration Standard (April, 1987). |
Since the issuance of the Standard, further data from long-term
(chronic feeding) as well as other CORT studies, have been
submitted by the registrants and evaluated by the Agency,
essentially completing the tox. data base required for re-
registration of mancozeb.

.’|
This data base is sumnarized below, and documented by relevant
DERs appended.

The Caswell (or Tox Chem) Number of mancozeb is 913A.
The Chemical Abstracts Registry Number (CAS No.) is 8018-01-07.
The Shaughessy Number is 014504

The structure of mancozeb is

D. Evaluation of carcinogenicity BEvidence: %

a

1. Rat Carcinogenicity Study

Reference: Combined Chronic Toxicity/Oncogenicity Study with
Mancozeb: Two-year Feeding Study in Rats, performed at du
Pont's Haskell Laboratories, Newark, DE, Projecrt #7859-001/Repor:
No. 259-39, dated September 13, 1990 (EPA MRID 41903601).

D

\Q

vl

{3
D
R
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a. Experimental Design ,
Mancozeb technical (83.8% ai) was fed to male and female
Crl:CD(BR) rats for 24 mcnths at dietary levels of 0, 20, 60,
125, or 750 ppm (providing 0, 0.77, 2.33, 4.38, or 30.90
mg/kg/day for males; 0, 1.06, 3.06, 6.72, or 40.20 mg/kg/day for
females) .

b. 3. ion D :

Male racts had a significant dose-related, increasing trend
(ps0.01) in thyroid follicular cell adenomas and carcinomas, as
well as in the combined thyroid follicular cell adenomas and/cr
carcinomas. The three tumor rate categories also were
significantly increased in the pair-wise compariscn of controls
at the highest (750 pem) dose group (p<0.01).

Females also had a significant dose-related, increasiné trend
(p<0.01) in thyroid follicular cell adenomas and carcinomas as
well as in the combined thyroid follicular cell adenomas and/cxr
carcincmas. The combined thyroid follicular cell adenoma and/or
carcincma tumor rate at the HDT was significantly (p<0.01)
increased over the contrcl value. The tumor rates in adenomas
and in carcinomas had only borderline significant increases in
pair-wise comparisons of controls and the highest (750 ppm) dcse
group (£<0.052, 0.056).
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Mancozeb - Sprague-Dawley Male Rats Thyroid Follicular Cell Tumor

Rat=s* and Cochran-Armitage Trend Test and Fisher's Exacr Test

Results (p values)

!

Dose (ppm)
0 po) 60 125 750
Tumers i
Adenomas 0/70 /72 1/71 0/68 202/71
(%) (0) ) (1) (0) (28)
D= 0.00"" 2.507 0.504 1.000 0.c00""
Carcinomas | 0/70 23/72 2/70 2/68 1 14/71
%) (0) ) (3) (3 ' (20)
o= 0.00"" 2.507 0.248 0.241  0.030"
3oth 0/70 2/72 3/70 2/68 34771
% (0) 3) (4) (3) (48)
c= 0.007" 3.255 0.122 0.241 0.000""
T Number of tumor pearing animals/Number of animals examined,
2xcluding those that disd before 52 weeks.

? First adencoma observed zt week 63, dose 750 ppm. -
® First carcincma observeZ at week 52, dose 20 ppm.
Significance of
Significance of
zontrcl dencted

trend denoted at Control.
pair-wise comparison with
ar Zgcse level.

- N .

p<. nd if

(V3]
W

then p<.01l.

i

'
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Mancozeb - Sprague- Dawley Male Rats, Thyroid Follicular Cell
Hyperplasia Only Rates® and Cochran-Armitage Trend Test and
Fisher's Exact Test Results (p values)

Doge (ppm)
0 T 20 60 125 750
Hyperplasia 1/70 1/72 2/71 32/68 25/71
only (%) (1) (1) (3) (2) (35
p= 0.0"" 0.745 0.505 0.299 0.000""

* Number of animals with hyperplasia/Number of anlmals examined,
excluding those that died before 52 weeks. 3
@ First hyperplasia observed at week 52, dose 125 ppm.

Note: Significance of trend denoted at Corrtrol.
Significance of pair-wise comparisor with
control denoted at Rose level.

L2

If * then p<.05 and if ther p<.01.

VA
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Mancozeb - Sprague-Dawley Female Rats, Thyroid Follicular Cell
Tumor Rates™ and Cochran-Armitage Trend Test and Fisher's Exact
Test Results (p values)

|

Dose (ppm)
0 20 60 125 750
Tumors ;
Adenomas 13/82 1/60 1/s2 1/61 6/60
(%) (2) (2) (2) (2) (10)
p= 0.001"" 0.744 0.752 0.748 0.052
Carcincmas |0/62  0/60 0/52  1/61  4P/60
(%) (@) (0) (Q) (2) (AN
p= 0.000"" 1.000 1.000 0.496 0.0S6
Both 1/62 1/60 1/52 2/61  10/60
(%) (2) (2) (2} (3) (17)
o= 0.000"" 0.744 0.752 3.494 0.204"

Number of cumor bearing animals/Number of animals examined,
2xcluding those that died or were sacrificed tefore S4 weeks.

'lj l]]

irst adenoma observed at weex 33, dose 0.
irst carcinoma observed at week 99, dose 750 ppm.

Note: Significance of trend dencred at Control.
3ignificance of pair-wise <omparison with
zcntrol denoted at Dgse lLavel. :

e *

£ 7 chen p<.05 and I "7 <zen p<.0l.

“a)
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Mancozeb - Sprague-Dawley Female Rats, Thyroid Follicular Cell
Hyperplasia Only Rates™ and Cochran-Armitage Trend Test and
Fisher's Exact Test Results (p values)

N Dose ({ppm)
0 20 60 125 : 750
Hyperplasia | 1/72 0/71 1/72 0/71 i27%/72
only (%) (1) (0) (1) (o) (38)
p= 0.000"" 0.504n  0.752 0.504n- 0.000"~

s ]

* Number of animals wich hyperplasia/Number of animals examined,
excluding those that died before observation of the first lesion.

3 First hyperplasia cbserved at week 44, dose 750 ppm.

n Negative change frem control.

Note: Significance of trend denoted at Control.
Significance cf pair-wise ccmparison ~ith
control denoted at Dgse level.

If " then 2<.05 and :if "7 then p<.01.

poes
L
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c. Nop- : i her 3

f
Ir both sexes of rats receivirng the high dose, increases in becch
aksolute and relative thyroid weights were seen at 24 months. Aan
increase in the incidence and severity of bilateral retinopaczy
was also noted in the high-dose rats at 24 months. Granular
yellowish-brown pigment was seen microscopically in the kidneys
of males and females receiving 125 or 750 ppm at both i2 and 24
months; however, thers were no accompanylng dose-related
increases in hiscopathological lesions in the kxdney. Reducti
in boedy weight gains were noted in the high-dose males during ::
first year and throughout most of the seccnd year of the study.

The incidence of diarrhea was lcwer in the high-dose maies as
compared to controls. No =zffacts on survival, food consumpticn,
hematology, ophthalmology, cor urinalysis were observed.

‘l
Statistical nvaluaclon of mortality “ndicaced no significant
dose-related differences in survival in eizher sex.

Decreased levels of thyroxine (T4) were seen in high-dose mal=ss
and females (p<0.35). Thyroid stimulating hormone {TSH) was
increased in both high-dose males and females (p<0.035).
Triiodothyronine (T3) was not affected corsistently.

d. Adequacy of Dosing Zor Assessmenc of Carcizogenic

Don

The dosing was ccnsidered adequate for assessment of :arc:aoge:::
potential. A 1lcss in body weight gain was noted in high-dose
female rats during the £irst 31 days of treatment; although tihsss
femaleg inicially reccvered from the loss in body weight 3ain,
body weight gains were still lower than coatrols at zhe end cof -
year. The PRC determined that the dosing was adequate for
assessment of carcinocgenic potential.

2. Mouse Carcincgenicity Study

Reference: (83-2; Crn c:geu-c zy Study i--- Mancozeb: 13 Mcacn
Ziestary Cncogenicity Sctudy in Mice, performed fcor ths regiscran-
oy Tegeris Laboratories, Inc., -emple H#ills, MD, Study Nc. 35131:
Final Report datsd June 94, 1391 ‘EPA MRIT No. 41382.301..

Mancozeb was administzred Zor 18 menths in the gdist of -1 miza
‘34 animals ger sex per Jrous: at cgncentriticng of J, 3L, 127
and 1060 zpm, which provided average zompcund intakes for
raleg/females <£, rescactivelv: 3/3, 4/%, 13/13 and 13/
TG/ A3/ day.

PR

Lt d
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No srzatistically significant dose-relatad increases over con
values for tumors osverall or in any tumor ¢

t
1

!

Non-neoplastic Lesions and Other Observations
1

ype were racorded
i

00949¢
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-
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Incidences of some non-neoplastic endpoints were found to pe

significantly increased.

There were calculus of the urinary

bladder in mid-dose males, cystic follicles of the thyroid in
mid-dose Zemales and lymphocytosis of the urinary bladder in

nigh-dose Zemales.

~were cbserved in tzese responses.
chvrcid function also were observed:
'T3) levels were significantly increased in the high-dose grcup,

wher=as in females,
significancly decr=ased.
stimulating hormone (TSH)

-~

-

2

a 3

However, no dcse-related patterns or

-
-

enss

The fcllowing changes in

1 males,

levels of thyroxine (T4) and T3 wers
No significant changes in thyroid-
levels were reported.

Adeguacy of Doging for Assessment of Carcincgenic

triiodothyrorine

The dcsing was considered to e inadequate for assessing the

e

a3

zarciznogenic getential of mancozeb in mice. Body weight gaizns
wera Zdecrzased 13% in males, Zut ~<nly 3% in females.
=. Additional Toxicology Data on Mancozeb:
Fifvy zercesant of crally administarzd 3ingle doses of 1.3 or 73
mg/xz mancczec was rapidly akscried, zind axcracad 2qua-ly In
I2c=2s and irize.  The garent Inemicis Was rapidly mer ililzec =2
ITU znd  cther. intermediaces  STZ, =I5, ZDA, erz.; . Abscri=d
icses acTumuylate i major Srgans, I the  Jreatest 2Xrang in
“oyrsid residue analysis for ITT = Llgem during 24 hcurs aftar
o=z 110 mg/Xg dcese, Tut undetactazl: kneraaftar) .
Z Mzzgeni iy

T2sm ooz TR rilrzments Izr scotnoo E
ta2en 33tiLziile<.  Accsprasls da i
TUTRAEENLICLIY 3Tudlss ir: lacsno ESal
iaverzl 3Tudiss wiinl negative a
3TULCLES WLTA ZCS1TLIVR TesuLts.

2o, rzgeataed  AcdequiAT:  Icativeg nave seen ragiimsvaos

2TTICLAL Jalmene.’:  ind Tammalian C2L1 zens muniTo oo

[T

&%)
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assays. Mancozeb was positive for aberrations in CHO cells, but
negative in rat bone marrow and in/a mouse micronucleus assay.
Mancozeb was positive in a sister-chromacid exchange (SCE) assay
in CHO cells. A weak positive result was found for unscheduled
DNA synthesis (UDS) ia Hela cells, |but negative results were
found in primary rat hepatocytes. '

It should be noted that in many instances the induced genotoxic
2ffscrs by mancozeb are not extremely substantial, for example
the SCE assay. However, in some instances, the response is
significantly large, for example the in vitro cytogenetics assay.
Overall, it appears that mancozeb has some genotoxic activicy
that may contribute to a mutagenic concern. ETU itself, while
also producing some genotoxic activity, does not appear to e a
highly genotoxic agent. Another concern may be the aspect of
nitrcsation of ETU. Nitrosated ETU and ETU in combination with
socdium nicrite have been demonstrated to induce potent genctoxic
effacts in gene mutation assays afd in in wjvg micronucleus and
aberration assays. Hecwever, there is not enough informaticn
currencly available to clearly discern a role for the "weak"
gencroxicity of mancozeb and ETU in the induction of thyroid
Umors.

The zody of evidence for ETU suggests that ETU is capable cf
inducing a variety of genotoxic endpoints. These include
regponses to gene mutation assay {(e.g. Saimonella and mouse
lymphoma assays), structural chrcomosomal assays {(e.g. aberraticn
in cultured mammalian cells as well as a dcminant lechal assay)
and cther genotoxic effects ‘e.g. bacterial rec¢ assay and v=ast
conversion assay).

A ma“or ccnsideration that should be taken inre account whsn
2xamining the genotoxicity cof ETU is the magnitude of zheses
sosicive rasponses. While ETU induces a variety of genotexic
2ndpcints, it does nct appear to Be a potent gencotoxic agenz.
For axample, it is censidered a weak bacterial mutagen in tze
Salmenella assay without activation inm strain TA1535 ac
concentrations usually.at or above 1077 ug/plate. Aczivac-:zn
condizions generally do not alter the mutagenic response. This
~ype 2f activity is usually seen in most of the assay with
pocsicive results. It should be noted c.uat since ETU dces nct

ippear tc be very pctanci, snd that it is not extremely toxzz =72

—est <ells and organisms, i: is ncot surprisging %o £ind thaz =TT
dces not induce 2££ect3s in many of che assavs reaviewed.
Ther=Zore, in many instances, zositive and negative results in
~ne same agsay ars r2port2d Ircm different investigatcrs, zus
—nesge results may e Zdependent upcn the zest zonditicng i =acn
tndividual laborarory. However, usually chere are prcblems wi-on
many of the negative assay in proctoccl or reporting, and in mans

studies, the concentraticn levels used are not high 2ncugn Iz
ideqguats Ta2st.

e

[
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3. Developmental Toxicity

Mancozeb produced developmental tox1C1ty but only above the dcse
level producing maternal tox1c1ty (A/D ratios were <1.0).

In rat litters, dilated vencrlcles, spinal cord hemorrhage and
delayed ossification, accompanied' by increased resorptions and
decreased pup weight were encountered at a dose of 512 mg/kg/day
(NCEL = 128 mg/kg), compared to the maternal toxicity (decreased
focd consumption and welght) at 128 mg/kg/day (NOEL = 32 mg/kg).
In rabbits, developmental toxicity was not registered at the HDT,
80 mg/kg/day, a dose level resulting in maternal ataxia, akortion
and death (maternal NOEL = 30 mg/kg/day).

In an acceptable reproduction study in CD:BR (Sprague-Dawley)
rats, dietary mancozeb at doses up to 1200 ppm £ed over two
generations resulted in increased liver weights in P2 males, and
reral pigment in btoth parental sexes (NOEL = 30 ppm, equivalent
to intakes of 1.5-2.5 mg/kg/day), but no reproductiwve effects at
che HDT.

4. » ~a.Act iy [ o

A major toxicological concern from exposure to mancozeb is :the
nazard to the human thyroid from the presence of ethylenethicurea
‘E2TTU}, a contaminant, degradation product and metabolite prase"c
in mancozeb and cther EBDC products. In addition to the thyrci
2ff2ctg, systemic =2ffects have been observed in both the kidney
and prostate glarnd.

ITT zas caused devslicpmencally toxic/teraccgenic efZfszcts L zass
and ncamsters. Hcowever, 3zvalilable data indicate that mancsz=s .3
2ot a3 primary develcpmental toxicant or teratcgen.

ITT nas peen classified as a 3roup 22 zarcinogen in accordancs
wizn the Agency's 3Suidelines for Carcinogen Risk Assessment
‘September 26, 1325, 53X FR 33992), based on studies which shcw
zzat iz induced an increased :nc*dencn 2f thyroid adencmas zncg
adenccarcinomas i rats, and thyroid and liver zumcrs in mice.
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r. Weight of ZEvidence Considerations:

The Committee considered the foilowing facts regarding the
toxicology data on mancozeb in a weight-of-the-evidence
determination of carcinogenic potential:

i

1. Mancozeb was associated with statistically significant
dose-related increasing trends in thyroid follicular cell
adenomas, carcinomas and combined adenomas/carcinomas in both
sexes of the Sprague~Dawley rat when fed in the diet at doses up
to 750 ppm (HDT). In male rats, at the HDT, the incidences of
adenomas, carcinomas and combined adenoma/carcinomas were also
significantly increased (p<0.01) in pair-wise comparison with
controls. In female rats, at the HDT, only the combined
adenoma/carcinoma incidence was significantly increased (p<0.01)
in pair-wise comparisons with controls; the increases in adenomas
and in carcinomas were of borderline significance (p=0.052,
0.056, respectively). i

The incidence of tumors at the HDT was outside the range

reported for historical controls at the testing facility. The
HDT was considered adequate, based on increased thyroid weight
coupled with increase in incidence and severity of retinopathy
and renal pigment (at both mid and high-dose) in rats. While a
hormonal influence for thyroid gland tumors has been suggested,
conclusive evidence is lacking.

2. Mancozeb was not associated with increases in necoplasms
when fed in the diet to CD-1 mice at doses up to 1000 ppm. The
HDT in this study was considered to be inadequate to assess
carcinogenic zotential, since body weight loss in females wvas
only 9%.

3. Theres was some evidence of genotoxicity from both
mancozeb and EZTU, but the data were inconsistent and equivecal to
consider either chemical a positive mutagen.

4. The thyroid tumor response is consistent with that seen
with other members of this class of compounds. Both maneb and
ETU, with structures closely related to mancozeb, were associated
With thyroid toxicity and/or tumors. Mancozeb is known to be -
converted to ETU, which is classified as a B2 carcinogen. The
types of tumors associated with mancozeb are the same as those
associated with ETU.

oo
2
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G. classification of Carcinogenic rétontinlz

The Peer Review Committee considered the criteria contained in
the EPA's "Guidelines for Carcinogen Risk Assessment” [FRS1:
33992-34003, 1986] for classxfylng the weight of evidence for
carcinogenicity.

The Peer Review Committee aqreed that the classification for
mancozeb should be Group B2~ probable human carcinogen with
inadequate evidence in humans.,

This decision was based on statistlcally significant increases in
thyroid follicular cell tumors in both sexes of the rat, in a
study which used adequate doses for the determination of
carcinogenic activity. Acceptable data from the full initial
battery of m.zagenicity studies have indicated ETU and Mancozeb
are (at best) very weak uutaqens

Mancozeb is converted to ETU whlch is a Grqup B2 carcinogen. For
this reason, the PRD determined that the g, should be the same
as for ETU.



